Phosphorescence spectra and phosphorescence lifetimes of [22]paracyclophane (I) and p-xylene have been mea sured in ethanol glass at 77 K in the presence of silver Perchlorate at various concentrations. From the results it is concluded that the ground state complex formed with AgC104 is much more stable in the case of the cyclophane than with /^-xylene. The results would indicate that under the conditions used [22]paracyclophane forms a 1:1 com plex with AgC104 with the silver ion being located within the cyclophane cage. Fluorescence quenching measure ments in fluid solution at room temperature using ethyl bromide and AgC104 as quenchers support this assump tion.
Photoluminescence of |22|Paracyclophane and p-Xylene in the Presence of Silver Ions M. Zander Laboratory of Rütgerswerke AG, Castrop-Rauxel Z. Naturforsch. 39a, 1009-1010 (1984) ; received August 18. 1984 Phosphorescence spectra and phosphorescence lifetimes of [22] paracyclophane (I) and p-xylene have been mea sured in ethanol glass at 77 K in the presence of silver Perchlorate at various concentrations. From the results it is concluded that the ground state complex formed with AgC104 is much more stable in the case of the cyclophane than with /^-xylene. The results would indicate that under the conditions used [22]paracyclophane forms a 1:1 com plex with AgC104 with the silver ion being located within the cyclophane cage. Fluorescence quenching measure ments in fluid solution at room temperature using ethyl bromide and AgC104 as quenchers support this assump tion.
The photoluminescence properties of many organic compounds with electron donor activity are signif icantly changed in the presence of silver ions (electron acceptor). Although complexation between electronically excited donor molecules and silver ions resulting in exciplex fluorescence has been reported [1] , in most cases ground state complexation occurs. In rigid glasses at 77 K this results in changes of the vibronic structure of the donor phos phorescence spectrum [2, 3] and a decrease in phos phorescence lifetime by two to three orders of magnitude [2] [3] [4] , Since the phosphorescence life time of the uncomplexed donor molecules stays practically unchanged in the presence of silver ions, the bi-exponential phosphorescence decay curve contains the time constants of the unperturbed and the complexed donor molecules only. Therefore the silver ion concentration at which the phosphores cence time constant of the unperturbed donor mole cules disappears can be taken as a rough relative measure for the strength of the donor/silver ion complex [3] , The present paper deals with the effect of silver ions on the photoluminescence of [2?]paracyclophane (I) and p-xylene. While the phosphorescence lifetime of the un complexed [22] paracyclophane is 4.5 s at 77 K (for measurements at 1.3 K see [5] ) it is 3.5 ms for the silver ion complexed molecule. At silver ion con centrations <0.01 g atom -l-1 both time constants are observed in the phosphorescence decay curve. The phosphorescence lifetime of the unperturbed cyclophane is no longer observed at a silver ion concentration of approx. 0.01 g atom • 1_1, i.e. com plexation is complete at this concentration. The corresponding figures for p-xylene are 8.8 s (phos phorescence lifetime of the unperturbed molecule), 3.2 ms (phosphorescence lifetime of the complexed xylene) and lg a to m -T 1 (silver ion concentration necessary for complete complexation).
From the observation that the silver ion concen tration necessary for complete complexation is lower by two orders of magnitude in the case of [22]paracyclophane compared to /^-xylene it follows that the silver ion complex of the cyclophane is much stronger than that of ^-xylene. This result cannot be explained by the different first ionization potentials of the compounds, these being 8.10 eV for [22]paracyclophane [6] and 8.44 eV for p-xylene [7] , respectively. We found that the silver ion concentration necessary to eliminate the phospho rescence lifetime of the unperturbed molecules (10~3 m) is in the range from 0.75 to 1 g atom • l_l for benzene, toluene, durene and hexamethylbenzene having first ionization potentials between 9.3 and 7.9 eV [7] , A possible explanation for the different stability of the silver ion complexes with xylene or the paracyclophane is that in the latter the silver ion is located within the cage of the cyclophane formed by the two parallel benzene units. Although this pro posal cannot be proven on the basis of experimental data so far available, it is supported by the follow ing findings: (i) /^-xylene forms a 1:2 complex with AgC104(AgC104 ■ 2C8Hio) which can be isolated [8] . By silver complexation the phosphorescence spectrum of /^-xylene looses its vibronic structure and the centre of gravity of the spectrum is shifted to longer wavelengths by approx. 1200 cm-1, and a similar shift is found for e.g. toluene. On the other hand, the unstructured broad phosphores cence band of [22] paracyclophane is shifted by silver complexation by approx. 390 cm-1 to longer wave lengths. In the latter case the long wavelength shift due to silver complexation is possibly partly com pensated by removing the trans-annullar interaction between the ^-electron systems which is assumed on the basis of quantum mechanical calculations [11] for both the ground state and the excited states. Cancellation of the trans-annullar interaction again may be more effective if the silver ion stays inside the cyclophane cage.
We have also studied fluorescence quenching of [22]paracyclophane and /^-xylene in fluid solution (ethanol) at room temperature using ethyl bromide and AgC104 as fluorescence quenchers. From SternVolmer plots (fluorescence intensity measurements) it follows that the ratio of the bimolecular rate constant A'qgC 1°4 of fluorescence quenching by AeClOj to the rate constant A'q2H 5Br amounts to approx. 8 for /^-xylene and approx. 29 for [22]paracyclophane. On the other hand, identical half-value concentrations of fluorescence quenching by ethyl bromide (0.2 m) were obtained for the cyclophane and p-xylene. These results again are in accordance with the assumption that silver ion complexation is stronger in the case of [2? ]paracyclophane compared to /^-xylene and. on the other hand, the mechanism of external spin-orbit coupling perturbation is similar in both molecules.
Experimental
[22]paracyclophane was a highly purified sample kindly provided by Professor H. Hopf, Department of Organic Chemistry of the Technical University of Braunschweig. UV-and luminescence spectra of all compounds studied were identical to those reported in the literature.
Fluorescence-and phosphorescence measure ments were done on an Aminco-Keirs spectrophosphorimeter and a Perkin-Elmer PE 44 E spectrofluorimeter using an oscillograph Tektronix 5403 for the phosphorescence lifetime measurements. I wish to thank Professor H. Hopf, Braunschweig, for kindly providing me with a sample of [22]paracyclophane and Mr. K. Bullik for valuable experi mental assistance.
